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INTRODUCTION.
THE comparative anatomy and physiology of the pyramid tract in Mammalia
is a subject of considerable interest phylogenetically, since in size and im-
portance it shows great variation in different species. In Ungulata, so
far as they have been examined, its cortico-spinal portion (fasciculus
cortico-spinalis) is almost entirely absent (1), while in the monkeys, the
higher apes, and in man it formns an extensive fibre system between the
cerebral cortex and the spinal cord. Again, where it does exist in the
spinal cord, it may run in any one of the three white columns; in Primates
and Carnivora it occupies the lateral columns, in Insectivora (2) the ventral
columns, and in Rodentia usually the dorsal columns; but there are many
exceptions to this rule. In one family of rodents-the Leporida3 (hares
and rabbits)-the cortico-spinal tract is confined to the lateral columns,
and in the Canadian porcupine (3) it divides at the decussation into as
many as four parts-two direct (ventral and dorsal column tracts), and
two crossed (lateral and dorsal columns). Considerable variation appears
to exist, therefore, amongst different families within the same order, and on
this account it is desirable that each species should be examined separately.

Ranson (4), using the pyridine-silver method, has showii that in the
albino rat a considerable proportion of the fibres of the pyramid tract are
non-medullated, and more recently Linowiecki (2), working in Ranson's
laboratory and with the same method, has found that in the rat, guinea-
pig, rabbit, cat, ground-mole, and monkey this tract contains both medul-
lated and non-medullated fibres in varying proportions. In the mole the
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tract (ventral column) is almost completely non-medullated, and in the rat
(dorsal column) it is very imperfectly medullated, while in the other animals
examined the proportion of medullated to non-medullated fibres is consider-
ably greater.

In the mole Linowiecki finds that the tract does not decussate in the
miedulla oblongata, but a crossing is suggested throughout its course in
the cervical region of the cord. At the lowest cervical or highest thoracic
segments it has disappeared.

PRESENT INVESTIGATION.
In two former communications I have described the pyramid tract in

the Canadian porcupine (3) and in the red squirrel and chipmunk (5), and
if these be consulted the literature of the subject will be found. The
present paper deals with the results obtained in another rodent species,

FIG. 1.-Photographs of brains of striped gophers (3rd, 4th, 5th, and 6th of series, reading
from left to right), to show site and extent of cortical lesions. Natural size.

viz. the striped gopher (Spermophilus tridecemlineatus, or, according to the
nost recent nomenclature, Citellus tridecemlineatus (Mitchill)). Nine
adult specimens of this animal were procured from the State of Kanlsas.
In size it is a little smaller than the ordinary Norwegian rat; it is common
in the States of the Middle West, extending from Texas to Michigan.

The motor cortex of the left cerebral hemisphere (fig. 1) was success-
fully removed in each case under ether anresthesia, the animals making
a rapid recovery after the operation. Some evidence of motor paralysis
on the right side was observed for a day or two, but this quickly dis-
appeared. At the end of periods varying from ten to fourteen days after
the cerebral lesions had been made the animals were killed and the brain
and spinal cord removed. In every case healing had taken place by first
intention without sepsis. The tissue was hardened in 3 per cent. potassium
bichromate, afterwards stained by the Marchi method, and imbedded and
cut in paraffin or celloidin. In two cases parts of the brain and cords
were accidentally damaged in the process of imbedding in celloidin, leaving
only seven for examination. The whole brain, from the mesencephalon to
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the lower limit of the medulla oblongata, was cut into serial sections and
mounted, while isolated sections were taken from each segment of the
spinal cord.

DESCRIPTION OF SECTIONS.

In the mid-brain, pons, and upper part of medulla oblongata the pyramid
tract in this animal occupies the usual positions in the crusta, pontine
bundles, and pyramids, so that no detailed description is called for.
Throughout this part of the brain the degeneration appears to be confined
to the side of the cortical lesion.

In the medulla oblongata the pyramids are separated by a wide cleft
and stand out prominently on the ventral aspect of the sections. The left
pyramid contains a large number of degenerated fibres fairly uniformly

FIG. 2.-Transverse section, medulla oblongata, showing
beginning of pyramidal decussation.

distributed over the whole area of its transverse section. On the right
side a few black dots are present, but they are not more abundant in the
pyramid than in areas of corresponding extent in the grey matter and
formatio reticularis behind, and probably do not represent degenerated
fibres arising in the motor cortex.

In sections about one rnillimetre below the level of the calamus
scriptorius, through the closed part of the medulla oblongata, the fibres
begin to decussate. They cross the median raphe about midway between
the central canal and the bottom of the interpyramidal cleft, then bend
outwards along the ventro-lateral border of the central grey matter, and
finally curve backwards and inwards, through the grey matter, ending in
the funiculus cuneatus. At this level the decussating fibres are few in
number, and, as elsewhere, in crossing they pursue an undulating course in
more or less distinct bundles, interlacing withl corresponding bundles from
the sound pyramid, so that in no single section can individual fibres be
followed from the pyramid to the point in the opposite funiculus where it
bends caudalwards (fig. 2).
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As the serial sections are followed backwards the decussating fibres
increase in number, but practically the same course is taken as that
already described. They form arches on the lateral aspect of the central
grey matter, concave towards the central canal. About the middle of the
decussation the fibres that have crossed and passed through the grey

FIG. 3.-Transverse section, medulla oblongata, through
pyramidal decussation.

matter occupy a well-defined area in the funiculus cuneatus, where they
can be seen cut transversely in small, more or less compact bundles (fig. 3).

Following the sections caudalwards to a point below the lower extremity
of the inferior olivary nucleus, the degenerated fibres, in decussating bundles,
are still more numerous (fig. 4). The area of degeneration in the cuneate
funiculus is more extensive than in sections at a higher level; it is some-

FIG. 4.-Transverse sectioni, medulla oblongata, through pyramidal decussation.

what elliptical in outline, lying in a recess on the dorsal aspect of the
grey matter, and its inner angle approaches the middle line.

When the lowest (most caudal) level of the decussation is reached, at
the line of junction between the bulb and spinal cord, practically the
whole tract lies in the dorsal column of the opposite side and has reached
its greatest dimensions, with its ventro-mesial angle resting on the middle
line (fig. 5). In this animal no degenerated fibres can be traced to the
same side, nor do any remain in the ventral column or pass to the lateral
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column of the opposite side, as was found to be the case in the Canadian
porcupine. The cortico-spinal tract would appear to be confined to the
dorsal columns and to be completely crossed.

On tracing this dorsal crossed pyramid tract through the cervical
region of the spinal cord it is found to undergo important changes in
outline and in the number of fibres which it contains.

FIG. 5.-Transverse section, junction of FIG. 6.-Transverse section, upper (cephalic)
medulla oblongata and spinial cord. part of first cervical segment.

In sections through the upper (cephalic) part of the first cervical
segment (fig. 6) it occupies an area somewhat triangular in shape, with
the base resting on the grey matter and the apex directed towards the
dorsal free border. As the tract is followed caudalwards its mesial border,
lying against the dorsal median septum, extends more and more dorsal-
wards, until at the lower (caudal) end of this segment (first cervical) it

0

FIG. 7. -Transverse section, lower (caudal) FIG. 8.-Transverse section, second
part of first cervical segment. cervical segment.

occupies about one-third of the distance between the grey matter and the
free margin (fig. 7).

In the second cervical segment the appearance of the tract is consider-
ably changed (fig. 8). It is still triangular in outline, 'but narrowed mesio-
laterally, and the mesial border, which rests on the median septum, occupies
about half the distance between the dorsal grey commissure and the
free margin. In addition to the diminution in size of the area taken up
by the tract there is also a considerable falling off in the number of de-
generated fibres. These have apparently terminated in the grey matter
of the first cervical segment.
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In the third cervical segment (fig. 9) the area of degeneration is some-
what diminished in size and more or less triangular in outline, with the
longest side resting on the median septum. The dorsal border runs obliquely
from the septum forwards and outwards to the margin of the dorsal horn.

In the fourth, fifth, sixth, seventh, and eighth cervical and first thoracic
segments (figs. 10, 11, 12), that is, the segments corresponding to the cervical

FIG. 9.-Transverse section, third FIG. 10.-Transverse section, fourth
cervical segment. cervical segment.

enlargement, the dorsal columns become narrower and deeper, and the
tract is found at the head of the column in the angle formed by the median
septum and the dorsal horn. Its mesial border is shortened and its dorsal
border runs, not obliquely, but more or less parallel with the lateral diameter
of the cord. The number of degenerated fibres gradually diminishes from
above downwards, but nowhere so rapidly as between the first and second
cervical segments.

FIG. 11.-Transverse section, sixth FIG. 12.-Transverse section, first
cervical segment. thoracic segment.

At the level of the second thoracic segment (fig. 13) the tract is con-
siderably reduced in size, and there is also a reduction in the number of
fibres which it contains. The area of degeneration has the same general
outline as in the third cervical segment, the dorsal border running obliquely
between the septum and dorsal horn, but it is, of course, much smaller.

At the sixth thoracic segment (fig. 14) the tract has left the middle line
and now occupies an oval area lying against the mesial border of the
dorsal horn; it is separated from the median septum anld dorsal grey
commissure by sound fibres.
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Sections through the twelfth thoracic segment (fig. 15) show the
degenerated fibres, now greatly reduced in number, forming a marginal
zone along the mesial border of the dorsal horn, and in the first and
third lumbar segments (figs. 16 and 17) they occupy the same relative
position. In the third lumbar segment the tract is represented by only
a very few (ten or twelve) fibres, and beyond this it cannot be traced.

In all the sections through the spinal cord described above an area on

0~~~~~~~~~~~~~~

FIG. 13.-Transverse section, FIG. 14.-Transverse section, FIG. 15.-Transverse section,
second thoracic segment. sixth thoracic segment. twelfth thoracic segment.

the sound side, less deeply stained than the surrounding tissue, stands out,
and this corresponds in position, outline, and size to the area of degenera-
tion on the opposite side. The light staining (with potassium bichromate
and Marchi fluid), as suggested by Ranson, is probably due to the presence
of a large proportion of non-medullated fibres in the pyramid tract of this
animal. This lightly stained area does not extend farther caudalwards
than the degenerated fibres can be traced, which would appear to show that

0 X

FIG. 16.-Transverse section, first FIG. 17.-Transverse section, third
lumbar segment. lumbar segment.

the miedullated and non-medullated fibres end together. The same thing
is observed in the spinal cord of the red squirrel and chipmunk, and if
the tissue of these animals were stained by the pyridine-silver method a
large number of non-medullated fibres would probably be found in the
pyramid tract.

SUMMARY.

In the striped gopher (Spermophilus tridecemlineatus) the course of
the pyramid tract is traceable from the motor cortex by the method of
secondary degeneration with Marchi staining.
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In the mid-brain, pons, and upper part of the medulla oblongata the tract
occupies the usual position in the crusta, pontine bundles, and ventral
pyramid, the degeneration being confined to the side of the lesion.

In the lower part of the medulla oblongata the fibres cross to the opposite
side and take up a position in the funiculus cuneatus, forming there a well-
defined tract. The decussation appears to be complete, no fibres passing to
the same side but all into the dorsal column of the opposite side. In
this position the tract runs caudalwards and can be traced as far as the
third lumbar segment, where it is represented by a very few scattered fibres.
Beyond this level it cannot be followed.

On following the tract downwards through the spinal cord many fibres
are found to disappear in the first and second cervical segments, presumably
by passing into the grey matter at these levels. Very few fibres reach as
far as the lumbar region.
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